The experiments here described were undertaken to test whether the rate at which electricity leaks through a liquid which conducts electricity badly, does or does not follow Ohm's law. The method used is described later on; it consists in establishing by a battery a difference of potential of about 100 volts between the plates of a condenser, in which the dielectric is the faulty insulator to be experimented on, then disconnecting the battery, and measuring with an electrometer the rate at which the difference of potential dies away.
Let vl and t>2 be the differences of potential at the beginning and end of an interval T, and let If c be the capacity of the condenser, < i the quantity of electricity which has leaked away in the time T, then Description of Apparatus. The condenser consisted of two copper cylinders, the outer one being formed into a pot 12 inches deep and 4 inches in diameter closed at the bottom by a rounded end carefully worked inside, the inner one, 8 inches long and 3 inches in diameter, being closed, rounded oif at both top and bottom, and carefully worked outside. The outer cylinder was held in position on a bracket attached to a brick wall, and was always connected to earth through the gas-pipes; the inner one was suspended by a silk thread, 5 feet long, also from a bracket on the wall, vertically above the first, and was connected to an insulated mercury cup by means of a thick wire, which was care fully soldered into the top of the cylinder, and bent into a loop to attach the silk thread to. The figure shows the arrangement in eleva tion, the outer cylinder being represented as transparent, to show the inner cylinder and attachment.
The liquid to be experimented on was poured into the outer pot, and the inner cylinder was lowered into it, both being set vertical by means of a plumb-line. It was found necessary to load the inner cylinder with shot to keep it sunk in the liquid.
The suspension by a single silk thread was found very satisfactory, as it insulated well, and avoided the introduction of solid dielectrics, and the suspended cylinder if disturbed came again to rest after a very few oscillations.
The condenser was charged by means of a number (varying between 20-80) of Post Office Daniel! cells, and Thom son's quadrant electro meter (White's form) was used to show the fall of potential as the charge leaked through the faulty insulating liquids.
To facilitate changes of connexion between the condenser, the electrometer, and the cells, a paraffin block, with holes bored through it and filled with clean mercury, was used. The whole arrangement of apparatus was as shown in fig. 2 .
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In testing the arrangement the condenser was used as an air-con denser, and it was found that there were signs of some electrical absorption. These were traced to the paraffin key and the wire con necting it with the electrometer. The key was improved by the use of very clean mercury, and very careful amalgamation of the ends of the copper wire dipping into the mercury cups. The wire at first used to connect the cup A in the key with the electrometer was covered with gutta-percha, and the whole passed through lead pipe, put to earth to protect it electrically from the experimenter. But it was found that there was absorption on charging and the appearance of residual charge on discharging the electrometer; the gutta-perchacovered wire was therefore discarded, and bare wire stretched between insulating points, and this was then protected electrically by a shield of zinc, enclosing it and put to earth.
In testing, the condenser was connected with the electrometer by laying a piece of wire, so as to connect the cups C and A. A second piece of wire carefully insulated in a bar of paraffin which was attached to a metal handle was then used to connect the cells by the cup B to either A or C, and the condenser and electrometer were then charged • the cells were then disconnected, and the fall of potential as noted by the electrometer readings was observed at equal intervals. A metro nome was used to beat half-seconds ; the position of the spot of light on the scale was noted every 5 seconds generally, and a curve was then plotted with the time for abscissae and the potentials as denoted by the electrometer deflection for ordinates.
In preliminary experiments, in which a sample of benzene (later experiments showed it to be very impure) was used in the condenser, it was found desirable to introduce an air condenser, so as to diminish the rate of fall of potential, and to get more reliable readings. The air condenser consisted of two worked brass plates, held very slightly apart by three dots of shellac. One plate was attached to the inner cylinder, the other connected to earth with the outer cylinder of the experimental condenser.
From time to time throughout the course of the experiments, which were continued through about three months, the apparatus was tested for leaking (i) through the electrometer, (ii) through the key, (iii) through the air condenser, (iv) through the attachments of the experimental condenser.
To get rid of dirt and dust from the liquids to be placed in the condenser, very careful filtering was necessary; but generally after ten or twelve times, first through Swedish filter-paper, and finally through a tight plug of " glass-wool," as much as could be done by filtering had been done.
Difficulties were at first met with on account of what were probably chemical impurities in the samples used. We finally decided to use much smaller quantities of the liquids in the condenser. There was scarcely ever more liquid than would half immerse the inner cylinder, that is, more than would extend 4 inches up the straight part of i t ; but there was never less than would extend three-eighths of an inch up the straight.
Mode of Entering Results of Experiments.
The potential of the inner cylinder was noted at equal intervals of time (generally five seconds) from the deflection of the electrometer needle. These deflections were recorded in tables, and the ratios of succeeding deflections were deduced. Two curves are drawn, one showing the fall of potential with the lapse of time, the other showing the value of the ratio of successive values of the potential. The mean value of the ratios is found, and a line drawn with this value. This cuts the curve of ratios, and shows at a glance the departures from the constant ratios, which would obtain if the leak through the dielectrics took place according to Ohm's law.
Experiments on Benzene.
The first successful experiments were made with an impure sample of benzene, and the method was shown to be practicable. But before more careful readings were taken the cylinders had to be re-worked, because of some irregularities on the surfaces. On setting the appa ratus up again, it was found that the impure benzene no longer insu lated well enough to allow us to get readings. The reason of the •change we have not been able to discover.
A pure sample of benzene was got, and after the usual filtering •processes, the condenser was filled and charged, and readings were taken at five seconds intervals. Tables I-IV give the electrometer deflections, and the ratios of -successive pairs for different sets of readings under varying con ditions, which are specified at the head of each table.
Tables II and IV are shown graphically in fig. 3 , which gives two curves of falling potential and two ratio curves. Curves plotted for benzene from Tables II and IY. The straight lines through the ratio curves are drawn to show the mean value of the ratios. In the ratio curves 1 division of the ruled paper corresponds with 0*01 in the ratio values. In the deflection curves 1 division = 20 in the deflection.
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Experiments on Paraffin Oil.
Little or no difficulty was met with in the case of the paraffin used. It was an ordinary sample of the oil used in lamps. After careful filtering it was put into the condenser, and readings were taken. These are given in Tables V-VII. Experiments 36 and 37 gave readings almost identical throughout.
They are represented graphically in fig. 4 . The interval between successive readings was 5 seconds.
Table V (see Fig. 4 ).
Experiments 36 and 37. Paraffin Oil. 1 inch up straight. Con denser charged for 10" only before readings were taken. 
Experiments on Carbon Disulphide.
When carbon disulphide was used as the leaking dielectric, con siderable discrepancies appeared ; the ratio curve fell or remained steady in what seemed a capricious manner. Filtering seemed to make no difference, although again and again repeated; the condenser cylinders were cleaned carefully; the liquid was distilled several times, and the discrepancies only seemed to be exaggerated, especially in experiments made very soon after distillation. The still was cleaned and again used, but to no effect. The irregularities still remained, the ratio curve in some instances being as steadily horizontal as in the case of benzene and paraffin oil; at other times the values of the ratios falling as much as 12 or 15 per cent. Fig. 5 gives Table VIII graphically, showing the great fall of the ratio curve. The changes in the zero of the electrometer were such as to lead us to the notion that we had to deal with something analogous to electric absorption. We therefore tried the effect of varying the time of charging the
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Curve plotted for carbon disulphide from Table V condenser, and in this way found that the discrepancies were due to accidental differences in the time of charge. Fig. 5 shows curves drawn from carbon disulphide, the only variable in the circumstances for the different curves being the time of charge. It will be seen that the curve corresponding to a long charge is much less steep than that corresponding to a short charge. Tables V III-XI give the readings and ratios for the carbon di sulphide experiments. We deal later with further experiments on these phenomena of absorption and residual charge.
Experiments on Olive
Very little trouble was experienced with olive oil. The sample used proved to be the best insulator of all the liquids we tried. After filtering once through Swedish paper and once through a glass-wool plug, it insulated as well as after numerous filterings.
Readings of the deflections were taken, as before, every five seconds ; but in Tables X II and X III, only those taken at intervals of 25 seconds are recorded, the former being taken after a short time of charging, the latter after a long time. Fig. 7 is plotted from Table XIII, but is on a different scale from figs. 3-6, so far as the time coordinate is concerned, in order to bring more of jthe curve into the plate. Table X II (see Fig. 7 ). 
Experiments on Rate of Leah at Different Temperatures.
In all the liquids experimented on (benzene, olive oil, carbon disul phide) the leak was quicker at higher temperatures than at lower.
These liquids then must be classed in this respect with electrolytes, and not with metallic conductors.
A metal vessel was put round the outer cylinder of the condenser, and was connected by a tube with a second vessel, which could be heated or cooled, and raised or lowered. By these means the condenser could be surrounded by hot or cold water without having its position disturbed in any way.
Readings were then taken at 15 seconds intervals, the condenser being in one set of observations under the same circumstances in every way except with respect to temperature. Each set contained three (or five) readings, one reading at a high or low temperature being taken between two readings at a medium temperature, so as to show that no permanent change had taken place by the raising or lowering the temperature of the leaking dielectric.
Benzene.- Tables XIY-X V III give the readings for benzene at the temperatures specified at the head ; and fig. 8 shows the tables graphically.
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Benzene at different Temperatures. In the tables the values of the ratios have been put down, and they will be seen to be fairly constant in each table,  Table X V II contains readings for benzene at 54°; the leak was so slow in this case as to attract attention, and it was found that the benzene was partially frozen; hence the curve in fig. 8 is dotted to show that the benzene was in a different state.
The curve corresponding to In fig. 9 the curve from Table XIX is practically the same as that from X X II; the latter is therefore omitted.
Olive Oil.-Tables X X III-XXVIII give the readings and ratios for olive oil, and fig. 10 shows graphically the first three of these tables.
Olive Oil at different Temperatures. At the higher temperatures the rate of leak was so great that there is some doubt as to the first reading of the deflection: hence the discrepancies in the values of the ratios.
Tables XXIV and XXVII are abridged from fuller tables which give readings taken at 15 seconds intervals. These are given below. Experiments with Higher Electromotive Forces.
In the experiments dealt with so far the battery used to charge the condenser was one of 20 silver chloride cells, hence of electromotive force of about 20 volts. For electromotive forces between 20 volts and zero Ohm's law is shown to hold good for the liquids experi mented on. By the following experiments the limits were extended to between about 100 volts and zero.
The condenser was charged to about 100 volts, and readings were taken at intervals of 15 seconds, the electrometer having been reset so as to be less sensitive. The ratios are, without any obvious reason, less regular than in the earlier experiments. 
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